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ABSTRACT 
 
The term “green IT” is defined as “Optimal use of Information and Communication 
Technology (ICT) for managing the environment sustainability of enterprise operations 
throughout their life cycles.”  Its objective is to create a positive impact on environment 
through net lowered emissions. The heart of green IT (Information Technology) is the 
concept of “Environmental Sustainability,” its initiatives are multifaceted to support 
enterprises “business as usual model,” in low-carbon economy. Many green IT initiatives 
have provided short–term financial benefits, based on which organizations are now 
focusing on increased energy efficiency. Since many of these approaches provide less 
financials benefits’ which are harder to implement but provides improved environmental 
performance. So the financial benefits and environmental performance should be the 
multiple objectives in the green IT study.  
Nowadays business growth vastly depends on computing resources but its environmental 
cause and effect relating to its footprints are closely monitored by regulatory bodies. In 
many geographic locations organizations need to pay for some carbon emissions. The 
soaring energy cost forces organizations to see energy as a costly resource. With the global 
financial crisis, there is an urge that the financial system must not only be stable, but should 
incorporate sustainability options which will enable the transition to a low-carbon green 
economy. Green IT plays an important role to address these issues by offering various 
Green IT initiatives through which efficiencies are met to reduce the footprints.   
Qualitative methodology was used for this study. A set of green IT factors efficiency and 
its implementation impediments are analyzed from the data collected from IT professionals 
working in domains IT, Oil & Gas and Education. This thesis aims to align the business 
requirements with IT resource utilization which can influence the resource efficiency of IT 
and reduces its environmental impact. Derives a mode to represent green IT initiative with 
its business benefits which gives organizations an immediate boost to choose initiatives 
that yields values as per their business model.   
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BI 
 Business intelligence (BI) is a set of theories, methodologies, architectures, and 
technologies that transform raw data into meaningful and useful information for 
business analysis purposes.  
Data Centre  
Is a facility used to house computer systems and associated components, such as 
telecommunications and storage systems. 
DCIE 
Data Centre Infrastructure Efficiency is a performance improvement metric used to 
calculate the energy efficiency of a data centre. DCIE is the percentage value 
derived, by dividing information technology equipment power by total facility 
power. 
ENERGY STAR  
In 1992, the U.S. Environmental Protection Agency launched Energy Star, a 
voluntary labeling program that is designed to promote and recognize energy-
efficiency in monitors, climate control equipment, and other technologies. 
EPA 
The United States Environmental Protection Agency is an agency of the U.S. 
federal government, which was created for the purpose of protecting human health 
and the environment by writing and enforcing regulations based on laws passed by 
Congress. 
ERP 
Enterprise resource planning (ERP) is a business management software—usually a 
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A Green House Gas emission is a gas in an atmosphere that absorbs and emits 
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GtCO2eq 
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Information and Communications Technology 
PUE 
Power Usage Effectiveness is a measure of how efficiently a computer data centre 
uses energy; specifically, how much energy is used by the computing equipment (in 
contrast to cooling and other overhead). 
 
pPUE 
Partial PUE is for energy use within a boundry. 
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Return on Investment. Is the concept of an investment of some resource yielding a 
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The systems development life cycle (SDLC), also referred to as the application 
development life-cycle, is a term used in systems engineering, information systems 
and software engineering to describe a process for planning, creating, testing, and 
deploying an information system. 
TBL 
Triple Bottom Line incorporates the notion of sustainability into business decisions. 
The TBL is an accounting framework with three dimensions: social, environmental 
(or ecological) and financial. 
The Green Grid 
Is a global consortium dedicated to advancing energy efficiency in data centres and 
business computing ecosystems. It was founded in February 2007. 
TOC 
Total cost of ownership (TCO) is a financial estimate intended to help buyers and 
owners determine the direct and indirect costs of a product or system. It is a 
management accounting concept that can be used in full cost accounting or even 
ecological economics where it includes social costs. 
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Windows Server Update Services (WSUS), is a computer program developed by 
Microsoft Corporation that enables administrators to manage the distribution of 
updates and hotfixes released for Microsoft products to computers in a corporate 
environment. 
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Chapter 1 
1. Introduction 
1.1 Background 
The “green economy” concept ensures sources of the Earth’s ecosystem are not depleted 
for future generation. Technology revolutions, reducing pollution and increasing efficiency 
are keys to greening the economy. Fossil fuel usage should be dropped to 80% by 2050 
which will result in stabilizing the global warming at a 20 C temperature. Existing 
technologies and production systems needs a dramatic change to maintain environmental 
sustainability, simultaneously raising productivity substantially. The green economy 
depends on how to further improve these technologies. Green IT advances economic 
viability and system performance by considering social and ethical responsibility. It 
bestows best practices to businesses by aiming better energy and material efficiency chiefly 
when large number of businesses are installing better capacity serves and expanding the 
capacity of existing ones to meet the demand of clients due to Internet and E-Commerce 
business transactions. However, still there is no appropriate approach, direction and 
strategies which can produce better environmental benefits and produce good alignment 
between green IT strategies and business strategies.  
 
IT has also contributed to the global warming if its resources are over provisioned or 
underutilized. Moreover, it needs to be aligned to satisfy the business requirements. It is 
important to right-size the server platforms to meet the business requirements. The global 
ICT industry accounts for approximately 2% of global carbon dioxide (CO2) emissions, a 
figure equivalent to aviation - Gartner (Gartner Newsroom) believes this is unsustainable.  
Emissions from data centres are at significant scale and currently data centres worldwide 
emit 170 million metric tons of CO2 per year. The expected emission of data centres 
worldwide annually by 2020 will result in 670 million metric tons of CO2 (Laszewski 
and Wang, 2009) . In Small-to-Medium-Sized organizations electricity consumption 
accounts for 10% of an IT department’s budget, in some cases over 50% (O'Neill, 2010). 
This rapid growth rate will cause adverse impact on environments in the near future. Green 
IT, an environmentally sustainable computing is inevitable.  
Data centre and infrastructure managers are consistently optimizing their IT environments 
as part of green IT roadmap. The data centres consume more energy per square foot than 
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office space. In conjunction, servers consume 0.5% of the world’s total electricity usage 
and total energy usage is expected to quadruple by 2020 (Laszewski and Wang, 2009). The 
total estimated energy bill for data centres in 2010 was $11.5 billion (Kaplan et al. 2008). 
However, based on the theory of “power bleed off,”- (ZDNet) which is the amount of 
power that actually gets applied to a useful business purpose instead of some sort of value, 
it is estimated that 32% of all servers are running at or below 3% peak and average 
utilizations, wasting energy spinning and cooling, and doing virtually no work. An 
investment on green friendly data centres will secure cost savings and long term benefits 
for the future. “For instance if only 50% of a data centre’s power is used, then in a typical 
12 Megawatt data centre this could equate to $4 million to $8 million annually in unused 
capital expenditure (Microsoft News).”   
To address environmental challenges, many government organizations and industries 
introduced various training programs and initiatives on Information and Communication 
Technology mainly for global warming and adequate use of energy. It is important for 
businesses to reduce cost and help community to keep goods prices at an acceptable level. 
In 2007 it had been foretold by US Environmental Protection Agency (EPA), if no energy-
efficiency improvements were made, in US alone the data centres power demand would 
raise to 12 GW by 2011, indicating an additional 10 power plants, representing a $7.4 
billion electricity cost. If US federal server alone improves the energy efficiency of data 
centres with the assumption of 10% through green IT initiatives – “Efficient Technologies” 
and “Improved Operation”, by 2011 the annual savings in electricity costs to the federal 
government would have ranged from $160 million (for the Improved Operation) to $510 
million (for the Efficient Technology) (EPA, 2007). Several researches have been 
conducted to arrive at one harmonized data centre efficiency metric across globe. Based 
on this guidelines organizations are widely using  the Power Usage Effectiveness (PUE) 
and Partial PUE (pPUE)  metrics to measure whole data centre power efficiency, portion 
of the data centre power efficiency respectively (Azevedo et al., 2011). 
In Australia businesses are responsible for assessing their liability under the National 
Greenhouse and Energy Reporting Act 2007 (the NGER Act). Businesses that are emitting 
more than 25,000 tons of carbon dioxide equivalent, or consuming more than 25,000 
megawatts of electricity or 2.5 million liters of fuel in a year, are required to report.  It is 
perceived the UK government claimed with simple green IT initiatives - extended life cycle 
of PCs, using double side printing as default option and turned off computes at night 
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contributing to £7m savings - Equivalent to taking 5,000 cars off the road (Computing 
News, 2009).  
With UKs’ Carbon Reduction Commitment (CRC) Energy Efficiency Scheme, 
organizations that consume more than 6,000 MWh of electricity per year should report its 
carbon emission and buy carbon credits. The carbon emissions of those organizations will 
be calculated based on their own levels of emissions but not based on their suppliers’ 
emissions. Subsequently, organization outsourced their services including their IT to avoid 
regulatory-bodied penalties and protect their social reputations with respect to environment. 
In additions to this, businesses’ always looked for solution that are easy to manage but do 
not compromise in efficiency. In order to achieve this the solutions should marry the quality 
of service with the compelling green economics. The IT technologies like cloud computing 
and virtualization etc. which are energy efficient coped this business trend well and 
provided substantial carbon emission controls to organizations. In term of countries’ 
electricity consumption, if the Cloud is a country it would be the fifth largest electricity 
consuming country after the USA, China, Japan and Russia (Casey Harrell, Greenpeace 
International IT analyst).  In Australia, between 2010 and 2013, cloud computing services 
grew rapidly exceeding about $US750 million in 2013 (Computer World – 2011: ICT 
priorities). Before investing in new technology, IT executives need to undertake a detailed 
study of the existing data centres, their utilization and how to optimize their use. These 
steps are significant in maintaining the proper use of data centres and utilize resources to 
its maximum capacity. Many firms are not able to leverage the full potential of their IT due 
to a lack of alignment between the IT and their business goals. 
 
The Green Grid is a global consortium that identified the importance of IT system usage 
for improved energy efficiency and outlined a framework for energy efficiency metrics. 
The energy efficiency of operating equipment is a major concern of Green Technology 
Strategies. The embodied energy and lifecycle of the materials used in the design, 
manufacture and reuse and recycling of equipment and components are also concerns. 
Green Technology Strategies seeks to inform accepted management practices to achieve 
efficient and effective business interaction. Optimization of energy efficiency in data centre 
must address both selection of energy efficient equipments’ and actual utilization of those 
equipment (Chen et al., 2011), the efficiency in actual utilization of equipments’ can be 
achieved when its usage is aligned as per the business requirements. 
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With carbon regulatory bodies requirement and growing business trends, IT is expected to 
deliver user productivity rather than user support, provide infrastructures’ (data centre) to 
support its productive environments and to meet increasing demand for mobility (mobile 
devices) and access to management information systems. The above mentioned business 
strategic requirements will be addressed by IT along with the environmental sustainability 
lens. Having the business goals made distinct, the green IT initiatives deliver the right 
strategies and ensure the targets are met with cost-effectively.  
 
Sustainability aims to extend the life of equipment with its maximum efficiency thereby 
negative effect (global warming) on environment can be minimized. The following posses 
challenges to sustainability requirements: - with technological advancements, equipment 
and its components becomes redundant within a short period and end up in landfill, the 
organization's maturity level in understanding regulations regarding the disposal of 
equipment and their concerns about data security during e-waste disposal of equipment 
tempts to dispose of the equipment rather than recycle. The green IT initiatives offers a 
wide variety of choices to address these problems.  
With respect to sustainable environment, firms have been sluggish on their energy use but 
regulatory bodies forced organizations towards sustainable practices-which requires the use 
of energy-efficient power supplies and reporting on power consumption and savings. 
Although energy use and its associated cost has been the key driver for green computing, a 
growing appreciation of the risks of climate change and increasing concerns about energy 
security have elevated green computing to a national and global issue. Green computing is 
the absolute requirement to take care of environment and save energy along with 
operational expenses in today's increasingly competitive world. The focus of computation 
has shifted to efficient power consumption, less computations by improving Algorithmic 
efficiency and alternative energy sources. 
In 2010, Americans, with the help of ENERGY STAR, prevented 170 million metric tons 
of greenhouse gas emissions—equivalent to the annual emissions from 33 million 
vehicles—and saved nearly $18 billion on their utility bills (www.energystar.gov). 
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1.2 Motivation 
ICT is accountable for its own emission but has a potential influence to reduce 
organizations overall Green House Gas emissions (GHG). Fig 1.0: (page 7) shows ICT’s 
role in enabling efficiency effect in four sectors smart logistics, smart buildings, smart grid 
and smart motors. It is estimated that ICT’s enabled emission reductions of 7.8 GtCO2e in 
2020 which is five times more of its own footprint (The Climate Change Group, 2008). 
 
With ICT enabling efficiency role as an advance climate change solution, organizations 
realized economic and environmental advantages are within their reach but requires action. 
Along with Triple Bottom Line (TBL- Social , Economic and Environmental) reporting 
and SMART 2020 framework (Outlines what needs to happen for this reduction in 
emissions to be realized)  businesses are motivated to deliver through transformed markets 
for energy efficiency in low-carbon world.  
 
As a result organization have tuned towards green IT’s potentials to reduce its GHG 
emissions. Research papers and white papers have been published regarding efficiency and 
methods to improve efficiencies in business operations by adopting them. However, the 
world organization businesses’ including Australian market continues to struggle with the 
burden of legacy and data centres operational and maintenance cost along with rising 
energy costs (ComputerWorld – 2011: ICT priorities). Dramatically increased energy use 
driven by the rapid expansion of data centres has increased IT costs, and the resulting 
environmental impact of IT, to new levels. Enterprise data centres can easily account for 
morethan 50 percent of a company’s energy bill and approximately half of the corporate 
carbon footprint. 
 In Australia, green IT is still a low priority, but its importance has increased from 52.2% 
to 60.7% over the years 2011 and 2013 respectively (IQInsight, 2013). In analysis of the 
impact of green IT strategies in three different time frames (current, medium (1-3 years), 
long-term (3-5 years)) reveals green IT will reduce carbon emission across all organization 
processes, for which close alignment of green IT with business processes, goals and 
standards opens up opportunities for businesses in the economics of energy efficiency 
(Unhelkar, 2011). Hence there is an emerging need (of Sustainable IT that) to explores 
sustainable IT services in term of technology offering and business value motivation. Due 
to the immediate impact on business value, it is likely that green computing will remain 
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focused for some time on reducing costs while improving the performance of energy-
hungry data centres and desktop computers. This thesis pursues on analyzing the 
challenging issue whether it is due to lack of alignment between green IT initiatives offering 
and the existing business strategies in implementing them.  
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Fig 1.0:  ICT: The Enabling Effect: Source: Derived from “SMART 2020: 
Enabling the low carbon economy in the information age” 
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1.3 Research Questions 
Green IT has proven its financial and environmental performance in various sectors yet it’s 
adoption is a challenge for many businesses, especially when energy-savings and 
environmental benefits needs to be viewed as “One” for sustainability requirements.  
 What issues needs to be addressed while adopting green IT in enterprises? 
 When environmental benefits are prioritized over other merits, how will enterprises 
view green IT offerings? 
 When selected green IT initiatives are interlinked and considered for 
implementation, how does it benefit businesses? 
 For environmental sustainability, material efficiency is vital. Which green IT factors 
when aligned to business requirements brings efficiencies? How far is it important 
to business alignment? 
1.4 Research Aims 
The heart of green IT (Information Technology) is the concept of “Environmental 
Sustainability,” its initiatives are multifaceted to support enterprises “business as usual 
model,” in low-carbon economy. Its objective is to create a positive impact on environment 
through net lowered emissions. Many green IT initiatives have provided short–term 
financial benefits, based on which organizations are now focusing on increased energy 
efficiency. Since many of these approaches provide less financials benefits’ which are 
harder to implement but provides improved environmental performance. So the financials 
benefits and environmental performance should be the multiple objectives in the green IT 
study. 
In many geographic locations organizations need to pay for some carbon emissions. The 
soaring energy cost forces organizations to see energy as a costly resource.  Data centres as 
IT resources are allocated to satisfy business needs. This thesis aims to align the business 
requirements with IT resource utilization which can influence the resource efficiency of IT 
and reduce its environmental impact. 
1.5 Thesis Contribution 
In this thesis, eight sustainable factors have been chosen [Over provision of IT resources 
for performance, Behavioral Requirement, Legacy Systems, Data Storage Clean-up, 
Optimal System Performance Tuning, Green IT Strategy as a policy in every IT related 
 9 
 
projects, Energy Monitoring and Alignment of business requirements with IT systems], 
which are efficient and environmental friendly when aligned properly according to the 
business requirements. Though each of these sustainable factors efficiencies, have been 
widely researched, it has not been collectively analyzed and represented in its business 
benefits sustainability angle and its implementation impediments from the business 
owners’ aspects. This thesis focuses how the business owners should view these eight 
sustainable factors to receive the “Green Return with maximum Return on Investment 
(ROI)”. Furthermore, the eight factors will be analyzed with a business owners lens from 
various domains like Education, Information Technology and Oil & Gas for its Efficiency, 
Implementation Effort and Implementation Cost. This analysis derived an Energy, Policy 
and Legacy (EPL) model, which highlights sustainable factors and business benefits in a 
simple form to move business organizations view in a sustainable path.  
1.6 Organization of Thesis 
This research broadens its view into following topics: In Chapter 2 – Literature Review – 
Explores green IT’s evolutions with respect to its dynamics, measures and economy , 
adaption methods and business values. Chapter 3 – Research Methodology - Reveals green 
IT factors that would influence efficiency when it is aligned with its business operation and 
provide options how corporates should view the selected green IT factors for its sustainable 
operations and meet the regulatory bodies requirements. Chapter 4 – E-P-L Model – A 
model, which introduces business benefits when certain green IT initiatives are interlinked. 
Chapter 5 - Experiments & Analysis deals influential factors implementation issues and 
provides options to resolve, it also validates the E-P-L Model. Chapter 6 - Conclusion and 
Future Research.   
The next chapter includes key literatures and discusses salient features offered by Green IT 
for Environmental Sustainability and Business benefits. 
 
 
  
 10 
 
Chapter 2 
2. Literature Review 
Sustainability cannot be achieved just by environment-friendly technologies or by 
understanding financial and physical forms of capitals; it requires human and social capital 
(Elkington, 1997). As the climate change becomes concern for every responsible 
organization, the two market based mechanisms carbon tax and Emission Trading Scheme 
(ETS) (Horrigan, 2007) forces organizations to think from pollution prevention to 
sustainable development. With the concept of environmental sustainability the “business as 
usual” in the old model will die (Shapira, 1997). There are huge opportunities for earth-
friendly data centres to reduce its carbon-footprint by implementing best practices’ as 
suggested by Microsoft and Gartner etc. While going green seems an enormous task on 
paper but in reality using the energy efficiently makes a substantial savings (Feldmann, 
2009). Many organizations benefited from green IT initiatives energy efficiency. Moreover, 
sustainability requires material efficiency as one of the tools to address climate change. 
Organizations can increase material efficiency by using less equipment and increase asset 
utilization, which can be achieved by aligning the IT resources utilization with its business 
requirements.  
 
Environmental sustainability and climate change will present substantial opportunities and 
important risks for all stakeholders in the IT industry. The three catalysts that shake 
industries are “The combined cost of energy and carbon, climate change affecting brand 
values and through regulatory measures.” (Mingay, 2007a). Only few organizations have 
grasped it but many are struggling to connect the issues of sustainability with improved 
business performance. Cutting cost and improving environmental performance are not 
mutual, exclusive opportunities exists to do both, but it requires evaluation through 
greenhouse gas lens. 
2.1 Green IT Phases and Dynamics 
Green IT’s environmental performance is categorized into phases (Mingay, 2010). In 
Phase-1, it was mainly on IT’s energy inefficiency, namely improving asset utilization but 
least about environmental benefits. Phase-2 provides opportunities for increased energy 
efficiency and improved environmental performance. To minimize the environmental 
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impact staff in the organization must be included in the “green IT” rather than just data 
centre manager. Organizations integrated approach and a behavioural change provides 
improved environmental performance – which rely on less-mature technology. 
 
Earth Friendly will be important for enterprises with environmental goals. The level of 
green IT actions adopted by corporates have increased over years (Phelps, 2010), many 
corporates have implemented multiple green IT initiatives and its beyond cooling and 
power efficiency. However, the implementation of green IT initiatives in small businesses 
varied significantly (Dick and Burns, 2011).Since, price remains a concern the measures 
taken by small and midsize businesses and large enterprises varies (Mingay and Nakano, 
2009). Most of the organizations lack environmental policies, so introducing green IT is of 
prime importance. 
 
The lack of green competitiveness and wasteful consumption of finite fossil fuels in the 
USA contribute to the unsustainable economic growth and the triple predicament of the 
existing carbon-based US economy (Yang and Chen, 2011). Environmental regulatory 
measure enforces government agencies to reduce energy consumption to 3% annually 
(Energy Independence and Security Act of 2007). Information Technology is responsible 
for costs associated to energy consumption to a great extent. Electricity use by data centres 
worldwide grew by 56 per cent between 2005 and 2010, according to an analysis by 
Jonathan Koomey of Stanford University in California. However, the dynamic capabilities 
process can generate strategic green advantage if champions (internal driver) use 
environmental structures to emphasise environmental benefits, marketing and green image 
benefits and the green electricity (GE) purchase as a hedge against fossil-fuel price 
uncertainty (Gliedt and Parker, 2010). The government agencies will be able to achieve the 
target by following the above-mentioned principles. 
2.2 Green IT Measures and Economy  
The relationship between environmental volunteers’ demographics characteristics and their 
green purchase behaviour can play a significant “Green” role in the main stream of modern 
business (Wahid et al., 2011). Recently, much attention is paid to IT’s energy consumption, 
effective use of resources, operational costs and its negative impact on the environment 
during manufacture, use and disposal of equipment’s etc. (Murugesan and Laplante, 2011). 
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In this wave, green IT 2.0 energy-savings and environmental awareness will be viewed as 
one for enterprise-wide sustainability requiring sustainability-based IT innovations. 
 
In future, environmental sustainability and green IT will grow as business issues. The 
manner people and businesses use technology could reduce man-made global emission by 
15 per cent by 2020 (O’Neill, 2010). Green IT capability could be defined as a firm’s ability 
to deploy IT resources towards energy efficiency and environmental sustainability. 
However, ICT’s own sector footprint will almost double by 2020 (McKinsey & Company). 
Unless green and lean is achieved by organizations by linking its business requirement with 
IT resource utilization, data centres continue to spin and waste energy. Organizations 
should access their stand on green IT readiness using frameworks (Molla and Cooper 2010), 
implementing green IT initiatives on an ad hoc basis and not adopting proactive measures 
addressing environmental issues which retard from achieving desirable results.  
 
There are numerous green IT initiatives, which facilitates businesses to perform in a low-
carbon economy. In 2010, European Commissions’ Green IT strategy for a sustainable 
Europe (Maloney, 2010) defines the role for ICT, and it significance in Energy 
Management (“Smart Metering” by which consumers manage their energy consumption), 
Building & Construction (ICT solutions to improve the environmental and energy 
performance of new and existing buildings) and Transports and logistics  (ICT potentials 
to improve the environmental and energy performance of Transports and logistics services). 
Businesses that underutilize their assets (equipments, building etc.) lead to expensive 
business problem since the energy and the per square feet cost of those underutilized assets 
will be added as an additional cost to their operation costs. To evade such problems it has 
to adopt efficiency in areas of business operations like energy utilization, material 
reusability and extension of materials usefulness.  A green IT policy that is aligned with 
business strategy would help organizations to bring material efficiency, attain financial 
gains and also help organizations to reduce their carbon footprint. There are tools and 
methodology for selecting a green technology portfolio from an environmental strategic 
perspective, the objective of which is to maximize the economic benefits and environmental 
advantages of an enterprise (International Journal 2010). Leading organizations have 
demonstrated return on investment by adopting green IT approaches like efficient energy 
management and “green computing” policies. Organizations implement solutions that offer 
greatest return in energy-efficiency considering their cost, technical feasibility and 
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management support. The reality check CDW report reveals the business perceptions of 
struggle in implementing energy efficient solutions to be greater than those who have 
technically implemented them in reality (CDW, 2009). For example, Lucas Films estimated 
3 million kWh energy savings by selectively investing in energy-efficient equipment’s and 
software. It is evident that the Green IT initiatives make sound economic sense and also 
provides substantial savings. 
 
2.3 Green IT and Adoption Methods 
Organizations have widely accepted to adopt IT for better efficiency and streamlining 
production. On analysis it was found, adoption of Enterprise Resource Planning (ERP)  in 
India’s Small and Medium enterprise (SME) was helpful to improve the performance of 
the company in planning operations, improved productivity and to structure the business 
process. Moreover, it also identified Green IT factors (Supply chain, Compliance, 
Efficiency, Energy and Asses Management etc.) that have strongly influenced EPR phases 
(Planning, Acquisition, Implementation, Usage and Production Extension) and enhanced 
the business process efficiency in organizations (Bharathi et al., 2013). The managers are 
pressurized to deliver more with less budget, it can be achieved by enterprise green IT 
initiatives like material efficiency, energy efficiency etc. CDW’s Energy Efficient IT 
reports 90% of organizations pursuing green IT initiatives reported favorable results and 
39% cuts energy cost by 1% (CDW 2012).  
 
Information system plays an important role for improving sustainable indicators in business 
operations but to implement a sustainability initiative, a thorough understanding of 
organization’s business operation is required and is necessary to discuss with the affected 
business owners (Bengtsson and Agerfalk, 2011). The major gap that exists is the absence 
of a theoretical framework to assist organizations in assessing their potential for 
undertaking green IT initiatives and implementing them. An integrative framework is 
necessary which focuses on identifying and examining the factors that contribute to the 
assessment of a firm’s readiness to go green (Bose and Luo, 2011).   
 
While there are growing support for adoption of green initiatives, there are barriers – both 
perceived and real in implementing green technologies and measures (Murugasen, 2013). 
Therefore, business executives should develop business, IT, and environmental 
sustainability (BITES) strategies for their business enterprises that are aligned with each 
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other. This nexus is the key to the successful realization of their business goals and the 
fulfillment of their environmental and social responsibilities. A comprehensive green 
initiatives business benefits model is required, which will provide a strong business case to 
put green initiatives in practice. 
 
The green IT initiatives and practices mirror each countries IT diffusion and governmental 
efforts for green growth society, since the implementation of green IT initiatives are at the 
national level and they are not uniform (Lee, Park, and Trimi, 2013). In Australia, the 
Australian Government ICT Sustainability Plan 2010 – 2015 controls Government’s ICT 
operations emission, which is accounted for around 13 per cent of total government 
emissions. It is mainly to improve environmental performance and reduce carbon emissions 
across government and the ICT industry through a framework of Outcomes, Strategies and 
Actions. The stated outcomes (1. Improved energy efficiency 2. Reduced carbon emissions 
3. Reduce waste, 4. Improved overall environmental performance) of this framework are 
aligned with Australian Government policies for sustainability (Department of the 
Environment, 2010). A well-defined green IT policy initiative is required to accomplish 
this. 
2.4 Green IT and Business Values 
In green IT domain, business values are created in both the “greening of IT” [A process 
which focuses on reengineering IT products to improve energy efficiency and reduce GHG 
emissions] and the “greening by IT” a broader scope which focuses on customer and social 
values for a “sustainable IT services” (Murugesan et al, 2013). The Sustainable IT services 
(SITS) seek to optimize the social responsibility of both the organization and its stake 
holders to meet the economic, environmental and social responsibility criteria for defining 
corporate sustainability success (Harmon and Demirkan, 2011). Sustainable IT 
technologies like Cloud computing has potentials like dynamic allocation and scalability of 
IT resources for energy efficiency but how far does it addresses ‘Green’ problem? is purely 
based on variety of factors like :-  
1 The power source (coal energy, hydroelectric, wind energy etc.) used for cloud 
computing.   
2 Provision of IT resources to cope up clouds computing demand. 
3  Energy requirement in transferring data from end-users to vendors for processing. 
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4 Server performance configurations “High Performance/High Power vs Low 
Performance/Low Power”. (Rod Tucker university of Melbourne Institute for 
broadband-enabled society director – Computer World July 2011 Vol 33 No.3) 
Hence its alignment with business requirements and its practical implementation 
impediments needs to be analyzed. 
2.5 Literature Review Summary 
Much information regarding this thesis has been collected mainly from research papers, 
technology manufacture’s white papers and senior IT professionals. Research papers 
widely covered, implementation of green IT frameworks and adoption methods in 
industries. Technology manufacturers with their technological innovations addressed 
energy efficiencies in a proven manner. Further, when the actual adoption of green IT in 
organization touches its door through regulatory measures and social responsibilities 
requirements, the IT professionals with their organizational business knowledge play an 
important role. In this thesis, the green IT diffusion is mainly for businesses and 
environmental benefits, hence bottom-up approach is chosen and analyzed at business level 
what challenges the green IT implementation poses to IT professionals, implementers and 
their views are taken into account.  
Researcher’s indicated most of the organizations benefited from energy efficiencies, but 
are less optimistic about material efficiency, since material resource consumption have an 
inextricable link to climate change, an enterprise can consider material efficiency as one of 
the tools to address climate change. This requires a behavioral change, relying on less-
mature technology and organizationally integrated approach. This integrated approach can 
be achieved by green IT policies, which can interlink all these major players in achieving 
the goal. Green IT policies that are defined at organization and at the country level will help 
in achieving the green growth society at respective standards. In addition to this, in a low 
carbon economy, enterprises should use energy efficiencies and greenhouse gas lens to 
optimize its value chains, for this enterprises should use green IT initiatives which will 
reduce the environmental impact for its supply chain, products and services.   
 
The next chapter discusses how to leverage green IT factors for improved assets utilization 
and how organization should view these factors to deliver business value.  
 16 
 
Chapter 3 
3. Research Methodology - Sustainable Factors for Improved Assets Utilization 
This research focuses on eight factors and analyses its efficiency. In addition to this, with 
respect to environmental sustainability it provides options how the businesses should view 
these sustainable factors during its implementation. Further, the thesis expands its wings 
by addressing three major sustainable factors: Energy, Policy and Legacy systems with 
their relations to achieve improved business performance. 
The following, Fig 2.0 depicts sustainable factors which are not significantly considered 
during an implementation of IT related projects which could influence environmental 
performance. 
 
 
 
Fig 2.0 Green IT Sustainability Drivers 
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In the following topics, the eight green IT factors that are mentioned in Fig 2.0 (page 16) 
will be analyzed in detail for its usage in the current business scenario and recommends 
how it can be adopted. 
 
3.1 Over Provision of IT Resources for Performance:  
To ensure system performance most of the IT resources are set to run at full-throttle. It was 
the safest thing to do to keep an application running. As shown in Fig 3.1.0 (page 18) only 
30% of the data centre’s power is used by IT equipments while the server’s idle power 
consumes 2/3 of fully utilized system power consumption. Subsequently, the amount of 
power that actually gets applied to a useful business purpose is marginal if the resources 
are over provisioned.  
 
Recommendations:  
 Technologies like virtualization and Power Management tools can increase the IT 
resource utilization. 
 Initiate Database server consolidation projects, which would consolidate database 
servers that are running in many physical servers into few virtualized server 
environment.  Database server consolidation not only reduces the number of 
physical resource count but also optimizes the storage capacity requirements. As 
the number of Databases increases per server the server resources like CPU and 
memory are utilized fully, where by efficiency can be achieved. In Microsoft, the 
Database server consolidation was performed among 5000 server and annual 
savings costs are expected to be $11 million/year lower than previously (Pohto, 
2011). 
  Server and Database consolidation projects also reduce capital expenses, operating 
expenses and minimizes lost revenue by reducing both planned and unplanned 
downtime. 
 Rightsizing and capacity planning methods ensures effective utilization of servers. 
 
Though there are tools and methods that can increase efficiency, the value must come 
not from the IT tools that are selected, but in the method they are utilized in the 
organization. 
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Fig 3.1.0 Energy consumption in a typical data centre. (Source: 
Derived from “Guidelines for energy-efficient data centres”, The 
Green Grid) 
3.2 Alignment of Business Requirements with IT Systems: 
Applications that are developed without being aligned with organizations business 
processes and goals, would cost money and tie up valuable resources in relatively low-
value-added activities. Applications should not be complicated in order to cope with fast-
changing business requirements. 
 
Recommendations:  
 
 Well developed and optimized applications with client objectives in the forefront 
gains resource efficiency and improved assets utilizations. 
 Identify business functions that shares common data. The IT systems which 
supports these business functions should also facilitate to access the common 
information from one source. For instance if an employee information is required 
for one of the business departments application, it should be able to access this 
information from HR systems instead of redefining it within that system. Such type 
of system integration avoids additional processing requirements, data duplication 
and storage requirements whereby energy efficiency can be met. 
 In Australia CIOs are optimistic about the alignment of ICT with business aims and 
remains their primary object despite demanding business requirements changes. 
However, IT budgets are spent in established areas like Enterprise Resource 
Planning (ERP) systems, desktop and laptop PCs. Business Intelligence (BI) 
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remains an area of significant investment, helped by the need for greater business 
efficiency in the current economic slowdown (IQ, 2011). So investment in Business 
Intelligence (BI) tools helps to bridge this gaps. 
 In few organizations, the internal departments procure software systems as per their 
business need and it will be managed by IT departments, in such cases green IT 
initiatives and energy efficiencies are not addressed. This alignment must be 
addressed that any software procurement must be aligned with green IT policy 
requirement of the organization. 
 While implementing solutions that are offered by “Energy Saving by ICT 
Technologies” (Automatic monitoring and targeting equipment’s efficiencies) the 
business owners involvement must be present at all stages during the 
implementation. Meeting and open discussion will provide greater opportunities 
and results.  
3.3 Energy Monitoring: 
Energy consumed by IT related resources needs monitoring. Limiting data centres growth 
without assessing business requirement puts organizations at risk. To achieve business 
goals, data centres anticipate growth and so it consumes higher power and cooling capacity.  
It is important to monitor the cost and performance management with accuracy. As shown 
in Fig 3.3.0 (page 20) even servers that are idle consumes two-third of fully utilized power. 
Recommendations: 
 Using energy monitoring softwares, organizations should be able to associate 
energy consumption with the services being delivered. IT department should have 
the visibility of its energy consumption and its associated costs.  
 Dynamic allocation of resources and intelligently balancing workloads can reduce 
energy costs. 
 A chargeback’s to users, based on energy consumption provides an opportunity to 
remove unwanted systems that could results in optimized energy and cooling 
consumptions.  
 Energy Efficiency during operating system patching: - On a monthly basis many 
organisation’s apply the recommended software updates and hotfixes in servers 
from providers like Microsoft to protect their servers from external hackings.  This 
process is handled by a program called Windows Server Update Services (WSUS). 
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The servers that are patched with these software updates needs to be restarted, 
which consumes more energy along with refresh of additional resources for 
example networking and core switches etc. due to data synchronization 
requirements. This could be an obvious energy waste where component level 
monitoring is enabled and a large number of servers are restarted due to software 
updates. Technology providers should come with solutions to avoid server reboots 
during software updates. 
 
 
 
Fig 3.3.0: Power Efficiency (Source: Derived from “Microsoft Hyper-Greening 
your Infrastructure”) 
 
 
3.4 Green IT Strategy as a Policy in Every IT Related Projects:  
Corporate and Social Responsibility (CSR) organizations will have an environmental 
policy, to avoid any duplication the green IT policy needs to be aligned to it. Once the 
carbon foot prints from any IT projects have been identified it can be validated against 
organizations green IT policy. 
 
Recommendations:  
 A well-written business case demonstrating the financial benefits and cost savings 
of Green IT policy should be included in every IT related projects.  
 Appropriate tools to track, measure and report on the benefits’ of such a policy is 
required. 
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3.5 Optimal System Performance Tuning: 
Performance tuning can improve system responsiveness as well as power savings, 
especially in Enterprise Resource Planning (ERP) systems the correct configuration of the 
systems provides optimal performance. System that are not configured correctly, prevent 
the use of hardware in optimal fashion, resulting in energy wastage. Optimal efficiency 
needs to set from all the layers like “Operating System”, “Database Platform”, and the 
“Middleware Layer”. etc. As shown in Fig 3.5.0 (page 22) even though all configurations 
have the same throughput, configuration 3 consumes less power than other two 
configurations except at 10% utilization.  
 
Recommendations:  
 Presently, most of the hardware provides automatic features for energy efficiency. 
Performance needs to be monitored in terms utilization of Central Processing Unit 
(CPU), Memory and Hard disks. Any excessive paging needs to be addressed. 
Subsequently, efficiencies on major green elements power and cooling can be 
achieved. 
 Systems that are correctly architected uses less CPUs and servers with increased 
performance. 
 During software development if efficient algorithm is used, it can do more with 
limited resources. This will translate into power efficiency since the amount of work 
done per CPU is increased. Subsequently, it comes down to the software’s overall 
runtime efficiency, which will translate into lower energy cost. Indirectly, the 
greenness will come (Bener et al., 2014). 
 The conceptual and physical design of the database systems play an important role 
in resource utilization. While processing business transactions the placement of the 
database log files and index design has a direct relation with CPU and storage 
systems energy requirement. As per organization’s business requirement select 
database engines based on the benchmarks. The Power Efficiency benchmarks are 
available from various vendors for database engines, Eg. TPC-Energy, which 
augments the existing Transaction Processing Performance Council (TPC) 
Benchmarks with Energy Metrics developed by the TPC. 
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 In majority of the Enterprise Resource Planning (ERP) systems implementations, 
importance is given to the system’s performance; hence its configuration parameters 
are set and adjusted to meet the required system’s performance. There are several 
best practices product guides for references from technology providers, which 
provides tips for optimal performance tuning. However, with respect to “Efficient 
Power Configuration” requirements of ERP systems there are no documentations 
or suggestions. Especially for the ERP systems where many IT resources are 
involved, a specific configuration at which the ERP consumes less power (Example, 
As mentioned in Fig 3.5.0 the system with a specific configurations consume less 
power than others) must be made mandatory and should be configured during its 
implementations at clients site. It is vital for “Greening your Infrastructures”, the 
technology providers must include such options in their product development cycle. 
 
 
 
Fig 3.5.0: configuration versus power consumption 
Source: Derived from “Microsoft Hyper-Greening 
your Infrastructure” 
 
3.6 Data Storage Cleanup: 
Energy consumed by storage devices increases in parallel to the data volume and rotational 
speed. Storage systems consume 30% of the total energy cost of the data centre and it is 
expected to rise to 50% of the overall IT budget in future. In addition, the power 
consumption values in idle state are ranging from 59% to 71% of the power consumption 
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values in operating state (Lee, Diao and Kim). With the emerging business trend enterprises 
need large volume of data for analysis to make effective decisions. An organization with 
data-intensive applications needs to consider their volume of data for energy efficiency. 
Most of these organizations have storage requirements of 430 TBs (31 GB per user) and 
are growing on average at 40% annually (Sundby et al. 2011). As shown in Fig 3.6.0 (page 
25) a 1MB email could occupy 100 MB of storage space based on 10 recipients’ and 10 
days backup retention policy. 
 
Organization’s business decision relies on availability of rich data and its analysis. Storage 
infrastructure revolution helps to store and access information rapidly with increasing 
storage utilization and reduced costs. Even though storage devices cost has declined but 
storage capacity requirement has increased by about 54% over years (Hill and Evancha, 
2008). Subsequently, data centres requires more cooling and power consumption. 
Companies increase their storage capacity as per their business requirements, especially 
with their data retention and recovery policy huge amount of data needs to be managed 
efficiently. Increasing storage capacity without increasing operational cost are the 
requirements of today’s organization strategy. It is a challenge for storage vendors to 
balance this requirements but with green storage initiative it can be done. The green data 
storage initiatives like storage virtualization, hierarchical storage management (HSM – also 
called tiered storage) provided lower power consumption and improved cost pictures. 
Example. At Internode by adopting greener storage systems they have reduced power 
consumption from 500 watts per terabyte (TB) of storage to just 50 watts per TB and 
simultaneously quadrupled storage capacity (Internode, 2011). 
 
Recommendations:   
 Organizations should invest in data deduplication, and clear data archival 
procedures as per the business requirement which could reduce the data volume and 
backup data footprint. 
 It should investigate in data storage initiatives technologies like solid-state disk 
(SSD) which consumes less power than hard-disk drive (HDD). 
 Use hybrid storage, it is a combination of public and private storage clouds. Hybrid 
storage clouds are often useful for archiving and backup functions, allowing local 
data to be replicated to a public cloud (Malathi, 2011). 
 24 
 
 Storing data in cloud also costs carbon. Since the data is stored remotely, access to 
those information need to pass through various IT components in the network which 
are accounted for carbon emission. The carbon intensity of data storage can be 
reduced by using energy efficient resources. Facebook says that it has increased the 
energy efficiency of its data centres by 38 per cent by redesigning the hardware -- from the 
servers themselves, to buildings that use evaporative cooling rather than energy-hungry air 
conditioners. The company's blueprints are open-source so that others can use and improve 
on the technology (Peter, 2012). 
 During IT system upgrades, a huge amount of data files are backed-up and protected for 
rollback and to meet data retention policy. Such procedures give greater operational 
flexibilities, but with respect to energy efficiency and environment it is rigid. Hence, with 
respect to sustainability, all the team members must be aware of storage energy cost of their 
organization, which would help them to avoid data duplication. 
 Businesses are to reduce storage required by removing duplicates over a 30- day 
period, backup data requirements could be reduced by as much as 20% or 30% 
(Greenitweek). 
 EPR systems metadata database storage consideration: - The ERP systems consist 
of metadata information that consumes considerable disk space in gigabytes (GB) 
and it is mandatory for the ERP systems to function properly. This metadata 
information covers details of all the modules within that EPR systems. However, if 
corporates choose to implement only a selected modules within the  EPR system, 
still implementers cannot segregate metadata information that are not required for 
their installation. Subsequently, those unwanted volumes of data is maintained in 
daily operations whereby additional energy will be consumed to access the required 
information. Moreover, the ERP’s unused information will be protected by their 
backup strategies, which would need additional storage and energy requirements. 
Technology manufactures of ERP systems should provide methods to isolate 
unwanted metadata information. 
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Fig 3.6.0: Data Storage Requirement - Depicting the exponential growth 
of email attachments stored in the server. 
 
 
3.7 Behavioural Requirements: 
In several IT related implementation / upgrade projects, IT resources are utilized to satisfy 
Software Development Life Cycle (SDLC) requirement. Due to constraints like time, user 
requirements etc. the IT   resource utilization are not taken into any account. Therefore, 
emissions from the usage of IT resources are not considered important, which will have an 
environmental impact. 
Recommendations:  
 All the IT assets that are used in SDLC need not be on full time. At the SDLC stages 
assets can be consolidated to maximize the utilization. By this behavioural change 
energy efficiency can be achieved. 
 Any investment should be focused on process efficiencies rather than Return On 
Investments. 
 Process automation should be adopted not in terms of saving money in hardware 
investment but to avoid human interaction errors. 
 Use Green IT ROI tools and identify performance of data centres in areas like 
virtualization, consolidation and energy efficiency. These tools will help companies 
to quickly identify opportunities to improve their operational efficiency and provide 
them with a competitive advantage. 
 Technology manufacturers provide energy efficiency tips of their products but when 
it is implemented in client sites the IT department of the organization in consultation 
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with business owners should implement those product features along with their 
green goals. 
 In an organization the IT department should be provided information like energy 
consumption of their data centres, energy efficiency targets that needs to be 
achieved and adequate budget to meet the green goal requirements.  
 All staff must be educated with organization’s green goal requirements, conduct 
trainings, awareness programs, give thoughts and consideration to the impact of 
their actions on the environment. 
 In Australia, green IT and energy savings initiatives remains at the bottom in their 
technological order with regards to “most highly relevant technology” of the 
organizations with 10.4% and 11.8% during 2011 and 2013,since most IT 
departments are not responsible for data centres energy cost (IQInsight, 2013). It is 
recommended that in an organization, IT departments should be provided with 
energy bills information so that IT department can be aware of their systems energy 
consumption and lay path for energy efficiency requirements. 
3.8 Legacy Systems: 
In some organizations, business systems cannot be upgraded due to limitations like   
resource availability, lack of systems knowledge or the business insists the retention of 
those systems for smooth running of its operations. Subsequently, the emission from these 
actions will have a negative impact on environment. Legacy systems that host mission-
critical applications can prove challenging for managers and CIOs.  
 
Recommendations:  
 Legacy modernization techniques with factors like Cost of Migration (hardware, 
software and professional service charges), Effort for Migration (internal, by the 
client, by the professional service provider) and Legacy Investment Reuse (existing 
legacy code can be reused) etc. could be used to upgrade the legacy systems to new 
infrastructure. 
 Great earth-friendly efforts from business users are required for legacy systems 
replacement/improvement. 
 Adopt technologies to save energy not restricted only to IT equipment’s 
consumption but also adopt IT technologies for more efficient and intelligent 
facility management. Use gateways to connect with the common bus among the 
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sub-systems such as lightening system. Through the common bus, multiple common 
databases, application software is installed and operated autonomously and 
independently. With such configuration legacy system can cooperate and 
collaborate among other sub-system. In reality, by introduction of common 
protocols participating players and components start to consider the new 
applications and richer applications, with small or least cost, compared with legacy 
facility system (Yoshida and Esaki, 2009). 
 Retire end-of-life resource. A typical end-of-life SQL Server host in the Microsoft 
data centre occupies 6.8 rack units. Servers provided by the Compute Utility team 
occupy less than 1 rack unit and provide enough computing power to host five or 
six instances of SQL Server. This comes to a savings of over 33,000 rack units or 
about 700 racks (Pohto, 2011). 
 
To sum-up, the contributions of eight factors with respect to sustainability has been 
observed. Worldwide, governments’ with its “Green Gas Emission Policies”, should 
caution industries and take serious measures in cutting down carbon emissions from their 
production process. Several “green IT initiatives” exists in the market for organizations to 
improve environmental performance. If the industries attempt in implementing the above 
mentioned eight green IT initiatives as shown in Fig 4.0 (page 28) to reduce its footprints, 
it will amass favorable financial and environmental benefits. The immediate benefits the 
green IT initiatives could yield are monetary benefits, whilst the long-term gains can be 
environmental. There are a set of green IT factors like green printing, humidity 
management, economizer, temperature management and optimized air flow etc. which are 
adopted in businesses reflect cost savings in short span of time, these factors are before the 
“Economical Filter”, are directly related to cost benefits, but with respect to sustainability 
these eight factors play an important role. Organizations need to explore several available 
green IT factors as per their environmental policies. 
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Fig 4.0 Global View on Green IT 
Initiatives 
 
A strong business case for many businesses to implement Green IT initiatives is the rising 
energy and operational cost but when choosing a Green IT initiatives there are concerns for 
the environment against business improvements and cost benefits. Companies vary in 
selecting and implementing Green IT initiatives, based on their own operations and their 
ability, business benefits can be realized. Indeed, a well-defined Green IT policy plays an 
important role in determining the purpose of Green IT initiatives in place and methods to 
achieve it.  
With current economic condition organizations are interested in investment if they have a 
solid Return On Investment (ROI) and business benefits. However, selecting an appropriate 
Green IT initiatives raises challenges and opportunities but it can also be stream lined once 
the business benefits are realized. So inference of this study has developed an E-P-L model 
as shown in Fig 5.0: (page 31) to list business benefits that can be achieved from the three 
Green IT initiatives Energy, Policy and Legacy. 
 29 
 
When three selected green IT initiatives (Energy, Policy, Legacy) are implanted in an 
organization, what are the business benefits that can be achieved? 
This has been dealt in detail in the next chapter.   
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Chapter 4 
4. E-P-L Model with Their Relationship 
 
The EPL model explains the impact rates of Energy, Policy and Legacy Green IT initiates 
in organizations to improve business performance. Environmental and economic benefits 
towards sustainability are the strongest factors of these three Green IT initiatives. The 
benefits offered by these initiatives are assessed in business context. 
Energy initiatives’ the major economic benefits are: - 
 Decreased electricity use and consumables use.  
 The physical infrastructure of datacentre houses IT equipments. It is the expensive 
actionable area but with energy related green IT initiatives data centres’ total cost 
of ownership can be reduced. 
 Properly executed, this phase will have the utmost impact on both the costs and 
capabilities of a data centre. 
With Policy initiatives benefits accrued are: - 
 Environmental goals can be achieved through governmental legislations.  
 It guides rest of the Green IT initiatives to meet the targeted benefits set by 
businesses.  
Legacy initiatives’ the major economic advantages are: - 
 Decreased future operational expenses. 
 Able to run systems by more energy efficient resources with advanced technical 
infrastructures.  
The EPL model as shown in fig 5.0 (page 31) lists a set of actionable areas that organization 
can choose to perform in each of the Energy, Policy and Legacy initiatives. Subsequently, 
based on the number of initiatives that are considered for implementation appropriate 
business benefits can be realized. 
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E P L model to improve business performance
1. Energy
1.1 Optimise data centre 
cooling system, floor space.
1.2 In Data centre, monitor 
and optimize energy at 
components level like data 
switches, network, servers and 
storage.
1.3 Adopt dynamic green 
energy monitoring metrics 
like Power Usage 
Efficiency[PUE] to monitor 
energy usage at components 
level.
1.4 In data centre use energy 
efficient resources like Energy 
Star complaint products, thin 
clients and core parking 
technologies(An operating 
system which puts core into 
sleep when not in use)
1.5 Optimize data 
processing through 
technologies like cloud 
computing, virtualization and 
server consolidation.
2. Policy
2.1 Select green IT 
initiatives that protects natural 
resources and environments 
on which our well-being 
relies.
2.2 Implement material and 
energy efficiency 
requirements to minimize 
environmental impact which 
will force people to innovate 
and use technologies that are 
efficient with respect to 
environment.
2.3 Clearly communicate the 
green IT strategies of an 
organization at all levels.
2.4 Integrate green key 
performance indicators into 
business-as-usual to meet 
overall sustainability 
objectives of the organization.
2.5 Address business 
problems by linking 
technologies and their 
possible integration with 
organization practices.
2.6 Align corporate social 
responsibilties with 
mainstream corporate business 
requirements.
2.7 Enforce carbon 
reduction targets.
3. Legacy
3.1 Transform legacy 
systems into organization’s 
modernized infrastructures 
which are energy efficient.
3.2 Shift focus to improve 
the functional requirements of 
those systems by upgrading 
them to environmentally 
friendly platforms.
3.3 Decrease the IT 
resources locked by legacy 
systems.
3.4 Prioritize legacy system 
upgrades to engineered 
software with optimized 
energy consumption.
3.5 Set reasonable priorities 
for the legacy system upgrade 
projects.
3.6 Explore the possibility 
of porting legacy system into 
cloud.
3.7 Expose legacy system 
functionalities as services 
within an Service Oriented 
Architecture (SOA) 
environment.
Business Benefits
 Maximize the Return on Investments(ROI) by decreased use of consumables and energy inefficient products 
Businesses will be able to meet customer demands.
 By retrofitting legacy applications it can utilize advanced functionalities of the infrastructures .
 Reduces the Total Cost of Ownership(TCO) by decreasing the number of IT resources locked by legacy 
systems.
 Allows business to meet soaring energy costs and regulatory compliance requirements .
 Allows business to address the efficiency for all resources(servers,cooling system,floorspace etc) within the 
datacentres thereby  various computing facilities environmental and system performance were addressed
 Allows businesses to meet  its development by satisfying its anticipated  data growth and energy cost.
 Business can realize its costs benefits in future investments.
 Businesses will have the ability to measure the performance in terms of energy efficiency and emissions .
 Businesses can experience industrial revolution with “green IT policies” that are defined to address Economic 
growth with dramatically lower environmental impact.
 Businesses will experience behavioural change across whole organization for commitment to efficiency and 
work towards sustainability.
       
               Fig 5.0: E-P-L model for business. 
 
 A detailed version of the fig 5.0 is in Appendix 1 
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This methodology suggested how the business should view those green IT initiatives as 
sustainable factors and what business benefits it yields. In experiments and analysis section 
5.2 (page 39) this model has been validated. 
 
A detailed analysis of green IT factors with respect to Efficiency, its Implementation 
Impediments and an approach to overcome it have been discussed in the next chapter. 
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Chapter 5 
5. Experiments and Analysis  
Sustainable factors that have been analyzed (fig 2.0, page 16) will be validated for 
efficiency with respect to cost and implementation feasibility. To implement this, the 
following measuring template fig 6.0 (page 34) is adopted.  
The following are the eight factors:-  
F1_Ove  Over Provision of IT Resources for Performance 
F2_Beh   Behavioural Requirement 
F3_Leg   Legacy Systems 
F4_Dat   Data Storage Clean-up 
F5_Opt  Optimal System Performance Tuning 
F6_Gre  Green IT Policy as a Strategy in every IT related projects 
F7_Ene  Energy Monitoring 
F8_Alig  Alignment of Business Requirements with IT Systems 
In this template one column is used to sumarize each factor, this colum is named as Des: 
Description – Specifies what the nature of work is? For example, the Des for F1_Ove is: 
The amount of power that actually gets applied to a useful business purpose is less if the 
resources are over provisioned. The Des for F2_Beh is: Due to constraints such as time, 
business & users requirements etc. the IT   resource utilization are not taken into any 
account. Therefore, emissions from the usage of those IT resources is not taken into 
account. 
Each factor was measured by 8 parameters:  
P1_Why : Why we might not want to do-(Other than 
cost or effort) 
P2_Wha : What  needs to happen in practice to 
effect this change 
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P3_Eff :  Effort in time to implement. Please 
indicate your choice on a  scale from  
[1= "Very low"  to 5 = "Very high"] 
P4_Cos : Cost to implement. Please indicate your 
choice on a  scale from [1= "Very low"  to 5 = "Very 
high"] 
P5_Whe : Whether the benefits are measurable 
financially or quantifiably? 
P6_Inv : Involvement/responsibility 
P7_Life : Lifecycle Stage 
P8_With : With respect to sustainability, how 
efficient is this Initiative? Please indicate your 
choice on a  scale from [1= "Very low"  to 5 = "Very 
high"] 
 
This measuring template adopts the following techniques  
 Each of the Initiatives is clearly described. 
 Initiatives are associated with one of the 
Lifecycle stages. 
o The lifecycle stages are categorized:- 
 Design issue. 
 Procurement of Software, 
hardware or services. 
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 Use of IT Equipment. 
 Issues related to Communication, 
Equipment, Consumables and 
Suppliers. 
 To identify the ownership of initiatives, it 
has been associated with one of the 
following:- 
 IT 
 Business 
 IT/Business 
 Initiatives are validated against financial 
benefits.  
 Initiatives are accessed for cost and  
 
implementation effort in a scale of 1- Very Low; 2-Low; 3-Medium; 4-High to 5- Very 
High. Fig 7.0 (page 36) shows a sample template that was completed by one of the 
contributors. 
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5.1 Analysis 
 
The template as shown in Fig: 7.0 (Page 36) is used to collect data from IT 
professionals working in various domains like education, oil & gas, and IT. The data 
was analyzed to show the efficiency of the sustainable factors, effort and cost required 
for their implementation in three different business environments. The survey result is 
summarised as follows: 
5.1.1 Efficiency of the sustainable factor 
Data analysis shows how much efficiency can be attributed to the sustainable factors. 
Fig 8.1.0 clearly depicts that the efficiency contributed by the eight sustainable factors 
in three different sectors ranging from a moderate level (3) and close to very  high 
level (4.6). 
 
Fig 8.1.0: Analysis of sustainable factors for efficiency 
 
5.1.2 Implementation effort of the sustainable factor in an organization 
Data analysis reveals how much man efforts in time is required for implementation of 
these sustainable factors. Fig 8.1.1 refers to factors which require man efforts from a 
range of moderate level (3) to high level (4.5). 
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Fig 8.1.1: Analysis of sustainable factors for implementation effort 
5.1.3 Implementation cost of the sustainable factor in an organization 
Data analysis exhibits implementation cost of these sustainable factors. Fig 8.1.2 
shows implementation cost of factors ranging from moderate level (3) to just above 
high (4.5). Of these eight, the highest cost are concerning energy monitoring and 
alignment of business requirements which are crucial factors but are liable to be a 
hindrance and roadblock. However, with respect to sustainability these two factors 
have great potentials. 
 
Fig 8.1.2: Analysis of sustainable factor for implementation cost 
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Based on the above analysis it is evident that efficiency can be achieved from the eight 
sustainable factors. However, timely effort and implementation cost in achieving that 
efficiency is also very significant. The cost and efforts involved might discourage the 
policy adopters to implement the same, but it is essential to note that such measures 
will reap long term benefits and are not to be neglected. As we are in green IT 2.0, 
energy-savings and environmental awareness will be viewed as one for enterprise-
wide sustainability which requires sustainability-based IT and Business Alignment 
innovations. 
 
5.2 An EPL Approach to Resolve Green IT Implementation Issues 
 
To address the issues (Effort in Time and Implementation Cost in achieving efficiency) 
the three major factors Energy, Policy and Legacy systems have been further analyzed. 
In this regard an EPL model has been derived, here each factors’ limited listed green 
IT actions have been defined and reviewed as to how it has been addressed. The 
following section provides analysis of each section. 
 
5.2.1 Analysis of Energy Issue 
 
ICT emissions are increasing at a rate 6% per year, with this growth rate they could 
represent 12% of worldwide emissions by 2020 (The Climate group Smart, 2010). At 
data centre these issues could be addressed as per the EPL’s 1.2, the energy should be 
monitored at components levels like data switches, network and server etc. this flexible 
and dynamic energy monitoring methods handles energy issues and reduces carbon 
foot print.  
 EPL 1.1 proposes “optimizing data centre’s cooling system” 
allows business to meet soaring energy costs. The Thermal-
efficient resource management shows that software driven 
thermal management and temperature aware workload 
placement brings additional energy savings but it is not fully 
utilized in virtualized data centres (Beloglazov, Abawajy and 
Buyya, 2012). 
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 EPL 1.2 is discussed at the beginning of section 5.2.1 
 EPL 1.3 suggests “Monitor and Optimize energy at 
components levels”  in data centres power consumed by 
various components and energy loss occurs in all equipments’ 
including from not-IT overhead such as PDU transformer and 
cabinet fans. Have the infrastructure metering necessary to 
accurately measure cumulative IT load energy at the power 
input connection of each IT device so that energy usage and 
efficiency of the data centres can be measured accurately. 
 EPL 1.4 proposes use energy efficient resources like Energy 
Star compliant products, 80Plus rated power supplies (The 80 
PLUS® performance specification requires power supplies in 
computers and servers to be 80% or greater energy efficient at 
10, 20, 50 and 100% of rated load with a true power factor of 
0.9 or greater. This makes an 80 PLUS certified power supply 
substantially more efficient than typical power supplies) and 
thin clients etc. all these techniques provides substantial 
energy savings. According to IDC the energy cost to power the 
servers will exceed the cost of server year after year. So energy 
monitoring is vital for developing energy efficient resources 
like core parking techniques which is adopted in operating 
systems which puts core into sleep when not in use. The use of 
thin client (Sun Ray ultra-thin client) which consumes just 4 
W instead of a PC that consumes 70W and a software base 
solutions citrix, VMware etc which are more energy efficient.  
 With EPL 1.5, in data centres energy can be optimized through 
technologies like virtualization and cloud computing which 
promotes energy efficiency and minimizes environmental 
impact thereby organizations can meet compliance 
requirements. The Microsoft research found that moving 
applications to cloud will cut the per user carbon footprint by 
30%. According to Pike research the cloud computing could 
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lead to a 38% reduction in world-wide data centre energy 
usage by 2020. 
 
 
5.2.2 Analysis of Policy Issue 
 
Implementing Green IT practice requires commitments from everyone to follow 
environmental regulations at their work and home. When it is aligned as a policy it 
delivers change of behaviour across whole organization and brings commitments. It is 
believed that next wave of economy growth will be driven by information technologies 
but if combined with material and energy efficient technologies during manufacturing 
it has the potential to create an economy that will dramatically lower environmental 
impact (Perez 2010), “Green IT policies” that are defined should have such industrial 
revolution.  
 EPL 2.1 suggests “Select Green IT Initiative That Protects 
Natural Resources” - by implementing the selected Green IT 
initiatives through an established organization level Green IT 
Policy for environment, provides opportunities to proctect 
natural resources and environments on which our well-being 
relies. 
 EPL 2.2 proposes “Implement Material Efficiency” - with a 
Green IT Policy, the Green IT strategies can be clearly 
communicated in an organization at all levels, if material and 
energy efficiency are included within to minimize 
environmental impact which will force people to innovate and 
use technologies that are effective with respect to 
environment. 
 EPL 2.3 indicates “Clearly Communicate the Green IT strategy” 
- for example if “Energy Efficiency” has been set as a part of 
Green IT Policy, substantial improvements can be achieved as 
follows: - 
 Replacing old equipments [Server, Desktops and Network 
Devices etc.] with energy efficient equipments. [E.g.:- 1. 
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Modern desktop consumes around 25 per cent of the power 
than its predecessor. 2. Modern server consumes 
approximately 20 per cent less energy than its predecessor] 
 Improved designs of Data Centre like virtualization of IT 
resources and adopting efficient cooling of IT resources by 
placing equipment in such a way resulting in less cooling. 
 Dynamically allocate resources servers, storage and 
bandwidths as per the requirements where by resource 
utilization can be increased from 70% to 80% so that 
targeted Power Usage Efficiency (PUE) can be achieved. 
 EPL 2.4 “Integrate Key Performance Indicators into Business-
as-Usual” can be adopted by implementing BI projects [A 
technological platform that will offer an open and permanent 
channel of communication and information diffusion for 
supporting sustainability practices.], this supports the 
integration of sustainability with business strategy and 
management, particularly in the initial phase of BI projects. 
The performance indicators are defined based on the firm’s 
strategic goals where “Social responsibility and sustainability 
are becoming part of an organization’s vision” (Petrini and 
Pozzebon, 2009).  
 EPL 2.5 “Address business problems by linking technologies”. 
Adoption of technologies into business can be handled well if 
the green IT policy is introduced at organization level and 
addresses the following:- 
 As the business heavily depends on ICT for their operations, 
the ICT innovations have spawned new business approaches 
that reduces cost, quicken the pace at which business is 
conducted. Further more, the ICT innovations like unified 
communication, video conferencing and online systems 
capabilities have proven its efficiencies with respect to 
environment and provided features that link businesses at 
process levels. 
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 For many organizations, to upgrade their existing 
infrastructure into an energy efficient resources could be 
blocked by lengthy contract lifecycle times and slowed 
down by limited visibility of their green approach vision. 
 Some ICT innovations implementation requires 
comprehensive integration capabilities, while others need a 
light-weight, low-footprint, easy-to-manage platform and 
some require both. So selection of the right technology 
platform should also include Energy Star Compliance/ 
efficiency requirement, which should be the part of 
procurement process. 
 If business systems are purchased and managed at 
departments’ rather than by IT departments, addressing the 
business problems by energy efficient technologies will be 
stagnant. This approach can be streamlined by green IT 
policy requirements. 
 Government Agencies data Integration by green IT policy:-
For information and business processing government 
departments like Immigration, Center Links and 
Medicare  etc.  requires applicants copies of the documents 
like passport and birth certificates etc. To collect and 
process such information enormous amount of energy and 
storage is required. With the green IT policy such 
information access requirements can be centralized so that 
it can shared from one source.  This type of integrations will 
reduce data storage, data duplicates and energy 
requirements. A national and statewide policy should be 
initiated to accomplish this.  
 EPL 2.6  “Align Corporate Social Responsibilities with 
corporates mainstream business requirements” 
  It is evident that business should meet financial targets while     
meeting high environmental and social standards. Such 
requirements can be achieved by this alignment which 
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enforces the corporate responsibility as providing value with 
values. 
 EPL 2.7 “Enforce Carbon Emission Targets” - the Green IT 
Policy with Carbon Emission Targets contributes towards 
reducing carbon emissions across the organization by the 
following ways:- 
 It defines measurement methods by which energy 
consumption and carbon emissions will be measured. 
 It enables to set targets and provides procedures to reduce 
ongoing carbon emission. 
 Green audits should be in place to track green IT policy 
progress. 
 
5.2.3 Analysis of Legacy Issue 
 
In many organizations, Legacy systems are built with enriched historical information 
to support its businesses effectively in a competitive market. Generally, such IT 
systems are built by addressing the specific business needs of an organization. As these 
IT systems are used over a period of time and proven its significance for running a 
successful business, organizations tended to invest further on these systems. The main 
reasons for organizations to keep legacy systems over enterprise resource planning 
(EPR) systems are that “Existing Systems Works” and “Other Project Priorities” 
(Lightfoot and Salaway, 2003) prevents legacy systems to be modernized for 
environmental purpose and use flexible technologies. According to NASCIO survey 
in 2008, in the States the modernization of legacy systems with respect to Green IT 
initiatives’ is 28%. Legacy modernization requires trade-offs and it is multifaceted, 
which includes technical and organization considerations that might affect 
organization decision-making abilities (Robert, Plakosh and Lewis, 2003). A Green 
IT investment project addressing those risks will provide options to retrofit legacy 
systems in green Data Centres. 
 EPL 3.1 states “Transform Legacy System into Organizations 
Modernized Infrastructure” - the new IT resources has the 
ability to turn off processors and entire computers according 
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to demand without hindering IT services; likewise these 
capabilities are offered via a software update, thereby legacy 
equipment can also benefit from these techniques (Mohammad 
et al. 2012) 
 EPL 3.2 puts forwards an idea to “Move legacy systems to 
modernized infrastructure” - so that focus can be shifted to 
functional improvements of legacy systems instead of 
maintaining old energy inefficient resources at data centres 
just for legacy systems.  
 As per EPL 3.3 “Decrease IT resources locked” - legacy 
systems consume more IT resources and its emissions will 
have a negative impact on the environment. Decreasing the IT 
resources locked by legacy systems also leads to decreased 
maintenance expenses and total cost of ownership (TCO) 
alternatively with an increase in energy cost they will become 
dearer to maintain. 
 As per EPL 3.4 “Prioritize Legacy Systems Upgrade” - 
Measuring the power consumption by software like legacy 
systems is challenging, but hardware utilized for those systems 
leads to indirect energy consumption. However, upgrading 
legacy systems to engineered software with optimized energy 
consumption gives priority results with less energy 
consumption and a sustainable environment. 
 As per EPL 3.5 “Set reasonable priorities for legacy system 
upgrade” - Survey of National Association of State Chief 
Information Officers for prioritize technologies and 
application ranking shows Legacy application modernization 
falls in rank 6 (NASCIO, 2014). Within category of improving 
State (Texas) Operations the Statewide rollout project 
TIERS(Texas integrated Eligibility Redesign System) 
estimated to bring $30 million annually for retiring the legacy 
system, this was a joint effort between policy, operation and 
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technologies. It shows policy and technology upgrade plays an 
important role in bringing business benefits. 
 
5.3 Results of Analysis:- 
Based on above analysis it can be determined that each listed items in the E-P-L model 
provided a substantial savings and have been widely adopted in industries. However, 
when the businesses from three domains (Education, ICT, Oil & Gas) are presented 
with the eight sustainable green IT factors (Over Provision of IT Resources for 
Performance, Alignment of Business Requirements with IT systems, Energy 
Monitoring, Green IT as a Policy, Optimal System Performance Tuning, Data Storage 
Clean-up, Behavioural Requirements and Legacy System) for its implementation, it 
poses them as an additional efforts and costs which overweighs its efficiency (refer 
section 5.1, page 37) but is indispensable for environmental suitability. 
As the efficiency of those eight sustainable factors are high as shown in Fig 8.1.0 (page 
37), it is important to bring to light and align each factors benefits with businesses. 
Hence EPL model plays an important role by listing business benefits (Fig 6.0, page 
34) that can be achieved by individual items within those factors. This model will 
change the perception of what business perceives about green IT initiatives 
implementation effort and cost where by sustainability can be achieved. 
The last and the sixth chapter is the Conclusion and Future Research. 
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Chapter 6 
6. Conclusion and Future Research 
 
Many organizations have realized environmental and economic benefit options must be 
adopted in the operation for sustainability. Moreover, they are continuously monitoring 
their business operations for efficiency and adopting changes to reduce both capital and 
operational cost. It is evident that IT has a great potential for sustainability to reduce 
green gas emission in every business operations, infact ITs own emissions are addressed 
by several IT industrial leaders and its solutions are adopted widely by IT industries that 
encouraged businesses to implement Green IT factors to reduce emissions in a serene 
way.  
This thesis analyzed a set of green IT factors for its efficiency with respect to 
sustainability, implementation effort and cost. It is evident that though efficiency is 
remarkably tangible other factors like cost and implementation in achieving it, is high. 
However, if businesses implement appropriate green IT solution addressing those 
factors along with available IT vendor solutions, considerable efficiency can be 
achieved.  
To assist in implementing green IT factors, organization should be notified with a simple 
method that the maximum efficiency and business benefits could be achieved in their 
data centres if green IT factors are addressed. A simple dashboard with effective 
information could motivate stakeholders to jump into actions. Subsequently, this 
research extended and derived an E-P-L model. 
 The EPL model consists of three Green IT factors (Energy, Policy and Legacy), it 
illustrates how the three E-P-L Green IT initiatives are interlinked with business and 
industries, resulting in high yielding benefits and profits. In addition to this, in chapter 
5 it authenticates each of its model items and its associated environmental and economic 
benefits, which can be realized in business operations. This model provides a simple 
view that list actions performed and correlates its output as business benefits. If business 
decides to implement the listed Green IT initiatives within each category (E-P-L), it 
allows them to visualize its deliverable business benefits easily.  
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For this research, only a small group is considered and their technical expertise’s data 
is analysed. The contributors who have provided the inputs are Subject Matters Experts 
(IT) who support large business organization’s IT infrastructures and provide support to 
ERP business systems. This research can be extended to analyze large group of technical 
experts’ data and to involve management members who could influence decision-
making in implementing green IT initiatives.  The gap that exists in green IT initiative 
offering with respect to efficiency and sustainability and its implementation issues in 
business operations needs to be nailed. Hence it is important, to focus on methods to 
achieve Sustainability by Aligning Business Requirements with Resource Utilization. 
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Appendix 1 ~ E-P-L Model for Business 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
E P L model to improve business performance 
 
1.1 Optimize, data 
centre cooling 
system, floor 
space. 
1.2 In Data centre, 
monitor and 
optimize energy at 
components level 
like data switches, 
network, servers 
and storage. 
1.3 Adopt dynamic 
green energy 
monitoring metrics 
like Power Usage 
Efficiency [PUE] 
to monitor energy 
usage at 
components level.  
 
 
2.1 Select green IT 
initiatives that 
protects natural 
resources and 
environments on 
which our well-
being relies. 
2.2 Implement 
material and 
energy efficiency 
requirements to 
minimize 
environmental 
impact which will 
force people to 
innovate and use 
technologies that 
are efficient with 
respect to 
environment. 
3.1 Transform legacy 
systems into 
organization’s 
modernized 
infrastructures 
which are energy 
efficient. 
3.2 Shift focus to 
improve the 
functional 
requirements of 
those systems by 
upgrading them to 
environmentally 
friendly platforms. 
3.3 Decrease the IT 
resources locked 
by legacy systems. 
 
1. Energy 2. Policy 3. Legacy 
E
 
P
 
L
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1.4 . In data centre use 
energy efficient 
resources like 
Energy Star 
compliant 
products, thin 
clients and core 
parking 
technologies(An 
operating system 
which puts core 
into sleep when not 
in use) 
1.5 Optimize data 
processing through 
technologies like 
cloud computing, 
virtualization and 
server 
consolidation. 
 
2.3 Clearly 
communicate the 
green IT strategies 
of an organization 
at all levels. 
2.4 Integrate green key 
performance 
indicators into 
business-as-usual 
to meet overall 
sustainability 
objectives of the 
organization. 
2.5 Address business 
problems by 
linking 
technologies and 
their possible 
integration with 
organization 
practices. 
2.6 Align corporate 
social 
responsibilities 
with mainstream 
corporate business 
requirements. 
2.7 Enforce carbon 
reduction targets. 
 
 
 
3.4 Prioritize legacy 
system upgrades to 
engineered 
software with 
optimized energy 
consumption. 
3.5 Set reasonable 
priorities for the 
legacy system 
upgrade projects. 
3.6 Explore the 
possibility of 
porting legacy 
system into cloud. 
3.7 Expose legacy 
system 
functionalities as 
services within a 
Service Oriented 
Architecture 
(SOA) 
environment. 
 
 
 
 
E
 
P
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Business Benefits 
 Maximize the Return on Investments (ROI) by decreased use of 
consumables and energy inefficient products. Businesses will be able 
to meet customer demands. 
 By retrofitting legacy applications it can utilize advanced 
functionalities of the infrastructures. 
 Reduces the Total Cost of Ownership (TCO) by decreasing the 
number of IT resources locked by legacy systems. 
 Allows business to meet soaring energy costs and regulatory 
compliance requirements. 
 Allows business to address the efficiency for all resources (servers, 
cooling system, floor space etc.) within the data centres thereby  
various computing facilities environmental and system performance 
are addressed 
 Allows businesses to meet its development by satisfying its 
anticipated data growth and energy cost. 
 Business can realize its costs benefits in future investments. 
 Businesses will have the ability to measure the performance in terms 
of energy efficiency and emissions. 
 Businesses can experience industrial revolution with “green IT 
policies” that are defined to address economic growth with 
dramatically lower environmental impact. 
 Businesses will experience behavioral change across whole 
organization for commitment to efficiency and work towards 
sustainability. 
 
 
 
E
 
 
P
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